Abstract. We report the results of a multitransitional study of four southern molecular clouds in the CS J = 2− 1, J = 3− 2, J = 5 − 4, J = 7 − 6; CO J = 1 − 0, J = 3 − 2; C 34 S J = 2 − 1 and C 18 O J = 1 − 0 lines observed with SEST and CSO telescopes. To analyze the obtained maps we applied a MEM deconvolution technique which improves the resolution significantly, if the signal-to-noise ratio is sufficiently high. We compare the molecular line maps with available infrared and molecular maser data and for G 268.42−0.85 also with optical DSS image. Two of four cores (G 268.42−0.85 and G 301.12−0.20) show bipolar structure in CS with blue-and red-shifted peaks symmetrically displaced relative the central IR objects. We found that in all observed regions the deconvolved source size decreases sharply with the quantum number of the rotational transition, and the measured FWHP of the CS lines decreases with radius. From optically thin C 18 O J = 1−0 lines we estimate the H 2 column densities to be of the order of 10 23 cm −2 and from C 34 S J = 2 − 1 the fractional abundance of CS as 5 · 10 −9 .
Introduction
Observations of dense cores in molecular clouds play a key role in the study of physical conditions in regions of star formation. Due to the high critical density, n * , needed for CS excitation (Snell et al. 1984) , this molecule is a very efficient probe of molecular cloud interiors. Because of the increase of n * with rotational quantum number J the usage of different rotational transitions allows us, according to Snell et al. (1984) , "to peel molecular clouds like an onion". Observing higher rotational transitions probes the denser interior deep inside the cloud. Due to this fact it is usually impossible to interpret multitransitional observations in a framework of the simplest LVG model with a constant density (e.g., Zhou et al. 1991, 1994 and  Send offprint requests to: A.V. Lapinov, (lapinov@appl.sci-nnov.ru) Plume et al. 1993) . Moreover the analysis in a framework of a uniform source model is questionable even for the interpretation of the same transition of different CS isotopomers. Because of a rather high 32 S to 34 S abundances ratio (22.5), one can see very different regions along the same line of sight in optically thick CS and optically thin C 34 S transitions. We suppose that this effect may possibly explain the decrease in the N L (CS) to N L (C 34 S) ratio versus τ (C 34 S J = 2 − 1) observed in 11 northern sources by Zinchenko et al. 1994 . More reliable estimates of object parameters require an analysis based on a model with radial dependence of various cloud parameters (density, kinetic temperature, turbulent and systematic motions, etc.) consistent with observations of different transitions and different isotopomeric species (e.g. Zhou et al. 1991 , Serabyn et al. 1993 .
This paper presents the first (observational) part of our attempt to construct such self-consistent models based on multitransitional CS and C 34 S mapping of dense cores in four molecular clouds associated with regions of massive star formation. These objects were selected from a more extended CS J = 2−1 survey towards southern H 2 O masers by Zinchenko et al. (1995) who also observed the peak positions in the C 34 S J = 2− 1 and CO J = 1−0 lines. In order to obtain more precise estimates of kinetic temperatures, T kin , and to clarify hydrodynamical status of observed regions we mapped three out of four objects also in CO J = 3 − 2. All sources were mapped also in C 18 O J = 1 − 0. The main selection criteria were a high intensity of the observed lines along with a spatial simplicity (proximity to spherical symmetry) in CS J = 2 − 1 to facilitate further radiative transfer modeling by Monte-Carlo method.
Due to the small size of dense molecular cores, the study of their spatial structure is usually restricted by the telescope beam. However, it is known that for high S/N ratios it is possible to improve greatly the resolution by using special deconvolution techniques (Terebizh 1993 (Terebizh , 1995 . To achieve better resolution we have written a computer code using the Maximum Entropy Method (MEM) deconvolution technique which we have applied to all maps sampled with a spacing of ∼ HPBW/2. Since the first demonstration by Gull and Daniel (1978) and further development by Skilling and Bryan (1984) of MEM deconvolution to astrophysical applications this method has been widely used for map reconstruction in X-ray, optical, IR astronomy and in radio interferometry but is not so popular for single dish molecular line observations. The exceptions we found in the literature are the analysis of CS J = 2 − 1 data in Orion by Mundy et al. (1988) and high-resolution CS J = 2 − 1 and CO J = 1 − 0 observations in L1551, B335 and L723 by MoriartySchieven at al. (1987a MoriartySchieven at al. ( , b, 1989 . Following the above authors we show that the information content of high S/N molecular cloud observations can be significantly improved by the application of MEM.
Observations
Nearly all data reported in this paper were obtained at the SEST15m telescope on La Silla, Chile, during four observing periods in 1993-1995 (Table 1) . The exceptions are CS J = 7 − 6 and CO J = 3 − 2 observed in January 1995 with the CSO-10.4m on Mauna Kea, Hawaii. Detailed description of the 3 mm observations in 1993 is given by Zinchenko et al. (1995) . The April 1994 data in CS J = 5 − 4 and C 34 S J = 2 − 1 were obtained in the frequency-switching mode by using the 1.3 mm and 3 mm receivers simultaneously. The corresponding SSB receiver temperatures were ∼ 350 K and 270 K. The total system temperature at 3 mm, calculated above the atmosphere, was 320-500 K, depending on the atmospheric conditions; the corresponding T sys at 1.3 mm was in the range of 800-2000 K. A detailed description of 1.3 mm receiving system can be found in Bloemhof et al. (1994) . We note that whereas at 3 mm the frequency-switching spectra look quite well, the analysis of CS J = 5 − 4 observations was problematic due to very non-linear baselines which made folding and base line subtraction difficult.
The 0.8 mm CSO observations were made with a SIS receiver in a double side band mode for simultaneous measurements of CS J = 7 − 6 and CO J = 3 − 2. The total SSB system temperature referred to outside the atmosphere was 600-1600 K. The backend consisted of two 1024 channel acoustooptical spectrometers with a 500 MHz passband for both CS J = 7 − 6 and CO J = 3 − 2 and one 50 MHz passband centered on the CO J = 3 − 2 transition.
Data reduction
We scaled our measurements to the main beam temperatures (T mb ) using the corresponding η mb efficiencies listed in Table 1. To estimate the parameters of the observed cores we performed, whenever possible, the deconvolution of the maps with three different methods which allow us to estimate the quality of deconvolutions. In all the methods we assume a Gaussian beam with HPBW θ a ( Table 1 ). The first approach consists of a calculation on the observed T mb contour map the area A inside the 50% contour level and defining the mean observed angular size as θ obs = 4A/π. After that we estimate the intrinsic FWHP source size and the deconvolved brightness temperature from the peak main beam value as θ s = θ 2 obs − θ 2 a and T R = T mb θ 2 obs /θ 2 s . The second method includes the best fit of observed data points by a Gaussian intensity distribution and enables us to take into account the statistical errors of measurements in each observed position. When possible we used two-dimensional Gaussian functions and estimated the position angle for the ellipse orientation or performed a fit by a set of such Gaussians for multicomponent objects. The last approach uses the Maximum Entropy deconvolution technique. As mentioned in many papers, this method enables restoration of images in the absence of any a priori information about the source structure.
Usually when we have an ill-conditioned problem (with incomplete and noisy data) with minimum preliminary information it is possible to construct a set of different solutions with the same
where T obs k and σ k are the corresponding observed temperatures and their rms errors, T model k is the convolution of model intensity distribution with telescope beam and N Dat is the number of observed positions. Among all solutions, MEM restoration produces the most uniform map consistent with observed data and with a minimum influence from the noise. The last fact follows directly from information theory where the entropy The coordinates correspond to H2O maser positions reported originally as non-stellar maser sources and determined with uncertainties < ∼ 30 . Column (4) contains ∆α and ∆δ which correspond approximately to the peak positions from our CS observations. In the next columns we present the mean LSR velocity determined for optically thin C 34 S and C 18 O transitions, galactocentric and geocentric distances and the height above the galactic plane determined for this velocity according to Eq. (4) in Fich et al. (1989) . The exception is the last object for which no solution could be found in the framework of the above mentioned model. For this source we give the most probable location at the tangential point. The last column presents our estimates of the IR luminosities of the associated IRAS objects. To perform MEM restoration we used the same mathematical approach as Gull and Daniel (1978) and Skilling and Bryan (1984) . The main problem we encountered in MEM reconstruction was choosing the correct χ 2 0 value. Intuitively it seems that a good choice is χ 2 0 ≈ N Dat when the deviation between the observed and model intensity is about 1σ at the observed positions. However, for a set of our SEST measurements we were not able to find reconstructions with χ 2 0 < ∼ N Dat . We explain this by an underestimation of the experimental uncertainty due to the following reasons: (1) we do not take into account possible variations in pointing during the mapping; (2) the accuracy of the data might be overestimated when we determine σ only from base line and ignore atmospheric and receiver instability; (3) the telescope beam can deviate from the symmetrical Gaussian of the listed HPBW. However, we did not encounter this problem with the CSO data. To solve the problem of choosing the correct χ 2 0 for ill-determined σ we performed a set of test restorations at different S/N ratios for models with source size to antenna beam ratios similar to observed values. We have found that selection of the "best" estimation is possible if we have a set of maps with different χ 2 and can see the dependence of the peak intensity f max i on the χ 2 value. Mathematically a search of solution in this case is reduced to optimization of the unconstrained Lagrange function, L = S −λχ 2 , for a set of λ ordered, for example, as λ k = 2 k λ 0 . At a first step λ 0 is small enough and reflects nearly flat intensity distribution. The increase of λ corresponds to decrease of χ 2 value. The "best" restoration corresponds to some minimum χ 2 after which a slow change (usually an increase) in f max i with decreasing χ 2 is replaced by rapid "exponential" growth of f max i and additional peaks appear due to the influence from noise. We found that usually the optimum solution for ill-determined σ corresponds to the minimum value of the parameter α = |(∆f
All data reduction and analysis were made by our own computer codes on PC 486. The figures were plotted using GLE (interactive Graphics Language Editor: http://tbone.biol.sc.edu/˜dean/glelist/).
Results and comparison with previous observations

General morphology of observed regions
The positions of the sources are presented in Table 2 . The first three clouds in our list are located in the direction towards the Vela molecular complex spread by more than 10
• in Galactic longitude. The detailed CO and 13 CO J = 1 − 0 observations of this complex with 8 . 8 angular resolution were made by Murphy and May (1991) , who introduced the name of the Vela Molecular Ridge (VMR) for an emission area in the region l = 260
• − 273
• and V LSR = 5.9 . . . 9.8 km/s, studied its possible relation to the supernova remnants and reported the results of photometric distance determinations. Grouping the gas-associated photometric tracers into four distinct regions they concluded that VMR-A,C and D lie at the same distance, close to 1 kpc, and proposed 2 kpc for VMR-B. After Murphy and May the next attempt of a detailed study of Vela Molecular Ridge was made by Liseau et al. (1992) and Lorenzetti et al. (1993) who reported the NIR photometry for about one hundred of bright IRAS sources and gave individual distance estimates for large number of objects.
G 261.64−2.09
Because of a small size of this object it looks near spherically symmetrical on all SEST maps including CS J = 2 − 1, J = 3 − 2, J = 5 − 4, and MEM deconvolved maps in C 34 S J = 2 − 1 and C 18 O J = 1 − 0. The peak positions for all these maps coincide within the accuracy of these observations but are displaced by about 20 to the east from the IRAS 8303-4303 position which was apparently adopted by Scalise et al. (1989) for H 2 O maser observed with a HPBW of 3. 7. The attempt to search for CH 3 OH masers at 6.6 GHz by Schutte et al. (1993) gave only an upper limit of ∼3 Jy (3σ). In Fig. 1 we present mosaic maps of G 261.64−2.09 in CS J = 7 − 6 and CO J = 3 − 2 obtained simultaneously with the CSO in the double side band mode. We place both maps in the same figure to show the remarkable difference between these two transitions. In CS J = 7 − 6, which needs high density n * ∼ 10 7 cm −3 for excitation, the source is very compact. In CO J = 3 − 2, with n * ∼ 3×10 4 cm −3 , it is much more extended. Though wider and more The CS map velocity scale goes from −7 to 35 km/s, the temperature scale from −1 to 7 K. The CO map velocity scale is from −7 to 37 km/s, the temperature scale from −1 to 17 K. intense CO lines are seen close to the CS peak, the positions of maximum intensity of these transitions are not coincident.
In Fig. 2a we show the T mb (CS J = 7 − 6) contour map of G 261.64−2.09 and in Fig. 2c the integrated line intensity map of CO J = 3 − 2. The right panels illustrate the corresponding MEM deconvolution assuming a Gaussian beam with HPBW of 20 . Because our deconvolution neglects deviations of the telescope beam from the Gaussian shape and its deformation at low elevations, we may consider this MEM restoration only as a first order approach. We see that the deconvolved source in CS J = 7 − 6 is very compact (∼9 in size) with the peak brightness temperature T R ≈ 37 K. The brightness temperature obtained by deconvolution of the T mb (CO J = 3 − 2) map at V LSR = 17.2 km/s is 46 K.
The position of maximum CO J = 3 − 2 integrated intensity is shifted by 18 to the SE direction and approximately coincides with a weak (T R ∼ 6 K) condensation seen on the MEM deconvolved map in CS J = 7 − 6. At the position of the maximum CS J = 7−6 intensity there is a weak increase in the CO J = 3−2 line integral. Our maps of the blue and red shifted wings in CO J = 3 − 2 (not presented in this paper) indicate that in both wings the source looks like one compact object of about 12 in size centered at the position of the CO line integral peak. We note that although high velocity CO wings are seen in all three objects observed with CSO, the corresponding maps of the wing emission do not indicate bipolar structure for any of these sources.
In Fig. 3a-i we present examples of G 261.64−2.09 spectra in all observed transitions towards peak intensity positions. The spectral resolutions are given in Table 3 . Unfortunately, because of the high noise in our C 34 S J = 3 − 2 data we are not able to make a detailed analysis of the cloud in this transition. From Fig. 3a-i it is seen that in most cases the observed profiles are not symmetrical. Hence we report in Table 3 the results of Gaussian fitting (with 1σ uncertainties in brackets) for three transitions only. In all other cases we list the maximum T mb at reduced spectral resolution, the velocity centroid as V LSR and calculate ∆V as T mb dV /T mb . For all lines T mb dV is reported in the last column.
G 268.42−0.85 (BBW 222)
This source was first revealed in the 2700 MHz Parkes survey by Manchester and Goss (1969) and has been re-observed at cm wavelengths by many authors (e.g., Haynes 1987b, Whiteoak 1992) . Recently a detailed study of this object was made by Lenzen (1991) on a basis of multi-wavelength scans in near and mid IR with the ESO/MPG 2.2m telescope. He found that the central IRAS point source looks at all wavelengths like an unresolved object with a weak halo. Using 1.8 kpc kinematic distance (Caswell and Haynes 1987b) , Lenzen derived that the measured luminosity corresponds to a O7 -ZAMS exciting star. In his paper Lenzen reported two optical CCD images (0.95 µm and H α ) where this region looks like "a very turbulent region of fuzzy nebular shreds". To SW from the IRAS position the reflection nebula BBW 222 is located, which has a size of about 30 (Brand et al. 1986 ). Additionally on the 2.2 µm map a set of other IR objects can be seen which may be embedded in the same extended region of dust emission.
In Fig. 4a and b we show T mb (CS J = 2 − 1) contour maps of G 268.42−0.85 at the central LSR velocity and in the red and blue wings. These contours are overlayed with the optical image (in logarithmic scale) from the second generation Digital Sky Survey (DSS II, http://cadcwww.dao.nrc.ca/dss/). In CS J = 2−1 this cloud consists of two condensations with the same V LSR value. Due to the large extent of the cloud we concentrate our study only on the more intense western CS condensation coincident with a strong IRAS point source and attractive because of its bipolar structure revealed in the CS J = 5 − 4 transition. From Fig. 4b it is seen that this bipolarity is present also in CS J = 2 − 1. In the center of this condensation there is IRAS 9002−4732, coincident with the H 2 O maser detected by Braz et al. (1989) . It is noteworthy that among the four molecular clouds, this H 2 O maser has the highest velocity difference with the cloud of about −60 km/s. Fig. 5a and b is the same as Fig. 4a and b but in CS J = 3−2. Due to the smaller extent of this region we overlaid it with an I-image kindly provided to us by Lenzen. In comparison with DSS II this 0.9µm plate has about 3 times higher resolution. On both figures the peak CS intensity is slightly displaced from the IRAS position towards the optical nebula.
In Fig. 6 we plot a set of T mb (CS J = 5 − 4) contour maps of G 268.42−0.85 at different LSR velocities. It is seen that in contrast to Fig. 4a and b and Fig. 5a and b, in CS J = 5 − 4 there are two peaks almost symmetrically displaced relative to the IRAS point source position. Both peaks have nearly equal T mb values and their V LSR difference is ∼0.7 km/s.
To study the small scale structure of the source we observed it with the CSO simultaneously in CS J = 7 − 6 and CO J = 3 − 2. The derived CS map of the source demonstrates Fig. 3a-i . G 261.64−2.09 spectra at peak intensity positions. The spectral resolution is the same as in Table 3. clearly a bipolar structure symmetrically displaced relative to the central IRAS position. Partly this structure can be seen also in the more extended CO distribution but, in contrast to CS, nearly all CO profiles have deep self-absorption at the central LSR velocity. Besides, there is a definite broadening of the observed CO lines towards the optical nebula BBW 222 probably due to an increase of gas turbulence.
In Fig. 7 we plot T mb (CS J = 7 − 6) channel maps in G 268.42−0.85 deconvolved by MEM. The remarkable detail of all panels in this figure is the presence of two CS peaks with different LSR velocities nearly symmetrically displaced relative the central IR source. Moreover a sharp decrease in the CS J = 7 − 6 intensity toward the IRAS position is revealed. Both condensations have nearly equal deconvolved sizes and brightness temperatures: 11 and 30 K for the NW clump and 17 and 20 K for the SE clump, with separation of ∼30 . At a kinematic distance of 1.2 kpc these correspond to sizes of 0.07 and 0.1 pc, respectively, and 0.18 pc interclump separation.
In Figs. 9 and 10 we show the MEM deconvolved T mb maps of G 268.42−0.85 in the optically thin C 34 S J = 2−1 and C 18 O J = 1 − 0 transitions. From Fig. 9 it is seen that, as for the two lower transitions in the main isotope, the peak position in C 34 S J = 2 − 1 is displaced from the IRAS source towards the BBW 222 nebula. A remarkable detail of the C 18 O J = 1 − 0 map is the elongated structure in the SE-NW direction coincident with the line connecting the CS J = 7 − 6 peaks. From Fig. 10 it is also seen that the peak C 18 O intensity (and hence column density) is higher in the NW part and is possibly related to a higher optical depth in this region.
In Fig. 8 we plot examples of G 268.42−0.85 spectra in all observed transitions towards the peak intensity positions. All lines are shown with spectral resolution given in Table 4 . In most cases, when the observed profiles look Gaussian, we report in Table 4 the results of single Gaussian fitting with 1σ errors in brackets. The CS J = 7 − 6 and CO lines are the exceptions. In these cases we list as T mb the maximum value at reduced spectral resolution, as V LSR the velocity centroid and as ∆V the total line integral divided by the T mb value.
G 270.26+0.83 (RCW 41, BBW 246)
The position of the source was adopted from the non stellar masers catalog of Braz and Epchtein (1983) and was observed by Scalise and Braz (1980) as a very strong H 2 O maser with an intensity of ∼ 900 Jy and position uncertainty of 30 . In Brand et al. (1986) this object is associated with an optical nebula ∼6 in size (BBW 246) and is known also as the RCW 41 region. Later a 60 region around From our observations we found that LSR velocity of the CS lines for this region is nearly coincident with published H 2 O maser velocity but is about 8 km/s red-shifted relative to the recombination lines observed by Caswell and Haynes (1987b) . This could reflect asymmetric expansion of the Hii region into the parent molecular cloud.
Recently Caswell et al. (1995) reported detection of a narrow single component 6.6 GHz methanol maser in this cloud with about 1.2 Jy at V LSR = 4 km/s. The typical rms position uncertainty of this observation is ∼5 in both coordinates.
In Fig. 11 we present maps of G 270.26+0.83 in CS J = 2 − 1 and J = 3 − 2. In these maps, like in CS J = 5 − 4 also, the CS peak lies very close to the NIR object position of Persson and Campbell (1987) . Due to a large position uncertainty of the IRAS measurements it is possible that the IRAS peak is coincident with our CS maximum, too. On the other hand the CH 3 OH maser is located about 40 away from our CS peak. This offset is greater than the reported position uncertainties.
In Fig. 12 we plot mosaic maps of G 270.26+0.83 observed with the CSO simultaneously in CS J = 7 − 6 and CO J = 3 − 2. Although these maps are not complete, they are very informative. As for the two previous objects the CS J = 7 − 6 size is much smaller than the size in CO J = 3 − 2. CO line peaks are very asymmetric with intense high-velocity red wings and a weaker blue component. The MEM deconvolution in CS J = 7 − 6 shows a very small size of the source (∼9 ) and the peak brightness temperature T R > ∼ 50 K. The observed CS J = 7 − 6 intensity peak is practically coincident with the NIR position from Persson and Campbell (1987) . Unfortunately, since our 0.8 mm maps are not complete, we are not able to derive confidently the peak position in the CO J = 3 − 2 transition. But in any case, from the corresponding T mb deconvolution we can estimate a lower limit of T kin ∼70 K. A more detailed analysis of the spectra towards the hot core of G 270.26+0.83 obtained with the CSO in the full 500 MHz band reveals emission from several less abundant molecular species which we list in Table 5 along with the CO and CS data.
Examples of the lines at peak intensity positions in G 270.26+0.83 are shown in Fig. 13 . All spectra have the same resolutions as given in Table 5 . From the CSO measurements it is seen that both CS J = 7 − 6 and CO J = 3 − 2 lines have intense high velocity red wings which are absent at the blue side. This fact can be considered as an additional indication of some asymmetric structure in the observed region.
G 301.12−0.20
This source is located towards the Southern Coalsack direction but at a very different LSR velocity which, for the Coalsack nebula, is close to −6 km/s. This definitely means that they are not related objects. Unfortunately the measured V LSR is 1016 A.V. Lapinov et al.: Studies of dense cores in regions of massive star formation. VI Fig. 8a-i . G 268.42−0.85 spectra at peak intensity positions. Spectral resolution is the same as in Table 4. not consistent with the Galactic position-velocity relation by Fich et al. (1989) . The most probable location is at the tangential point at R G = 7.3 kpc and d E = 4.4 kpc, with
The original position of the source was adopted from Braz and Epchtein (1983) . Despite later identification of this H 2 O maser by Braz and Epchtein (1987) with an IR object at nearly the same position, we observed no CS emission at this location. Our CS peak is shifted ∼2 to the SE and practically coincides with the bright IRAS12326−6245 and OH maser found by Caswell and Haynes (1987b) and Cohen et al. (1988) . It is possible that Braz and Epchtein (1987) have simply misidentified their maser due to insufficient space resolution of the H 2 O measurements with a 4 . 5 HPBW and too small area observed in the NIR. This suspicion is supported also by later H 2 O maser observations by Caswell et al. (1989) (rms <15 -private communication) at the IRAS position. It is coincident also with a recent 6.6 GHz CH 3 OH maser detected in the Caswell et al. (1995) survey (rms ∼5 ). For all observed masers the line profiles are very similar with a strong blue-shifted component at about −40 km/s and weaker satellite red-shifted by several km/s.
In Fig. 14 we plot the T mb CS J = 3 − 2 contour maps of G 301.12−0.20 at the central velocity and in blue and red wings. The corresponding CS J = 2 − 1 map was presented in Zinchenko et al. (1995) . Like G 268.42−0.85 it demonstrates a bipolar structure around the central IRAS/maser position. We saw hints of this bipolar structure also in our CS J = 5− 4 data.
In Fig. 15 we show MEM deconvolved T mb maps of G 301.12−0.20 in C 34 S J = 2 − 1 and C 18 O J = 1 − 0. It is seen that in both lines the peak deconvolved temperatures are nearly the same and there is some displacement between corresponding maximums which is however small in compari- 
We show examples of the observed spectra towards the G 301.12−0.20 peak position in Fig. 16 . The Gaussian fit parameters of these lines are given in Table 6 . The exception is CO J = 1 − 0 for which T mb is the maximum value at reduced spectral resolution, V LSR is the velocity centroid and ∆V is the total line integral divided by peak T mb value.
Parameters estimation
Peak temperatures, sizes and line widths
In Fig. 17 we plot the peak deconvolved T mb and the mean FWHP size in the main CS isotope for all four clouds as a function of the upper rotational level. To reduce the influence of noise all deconvolutions were made after smoothing to 1 km/s resolution. From these figures one can see that simple contour map deconvolution and Gaussian fit deconvolution give quite similar results. However the MEM deconvolved temperatures are systematically slightly higher and the FWHP size is smaller compared with the Gaussian fit deconvolution at nearly the same χ 2 /N Dat value.
From Fig. 17 we see that T R (J = 5 − 4) is about 2.5 times smaller than the mean of J = 3 − 2 and J = 7 − 6. At the same time the corresponding size in J = 5 − 4 looks slightly overestimated. If we neglect our J = 5 − 4 data due to the problems mentioned in Sect. 2 we can see a systematic increase of T R and a strong decrease in the FWHP size with the number J of the rotational transition.
One of the most interesting results obtained from the CS mapping is a decrease of the observed line width with radius in all four objects. In Fig. 18 we plot these dependences for G 261.64−2.09 in all four transitions. For other objects the corresponding pictures look similar. Each point in this figure was obtained from the Gaussian fit to the line which is a result of averaging of all spectra with equal radius. On one hand, due to the absence of clear high-velocity wings in the observed CS lines (except G 270.26+0.23 in J = 7 − 6), such a dependence appears contrarily to the generally accepted theoretical picture where gas turbulence increases with radius. On the other hand, the observed dependence is natural for objects with high starformation activity in the center. Besides, we could not ignore the line broadening by the optical depth which is largest towards the centers of the cores. Assuming optically thin CS line towards the boundary and τ ∼ 3 towards the center, Eq. (7) of the next section gives ∼ 1.5 times difference in FWHP. This is the maximum ratio observed by us.
CS opacities and column densities
In Table 7 we report some mean line of sight parameters for the observed cores derived in the LTE approximation from comparison of CS and C 34 S J = 2 − 1 lines by two different methods. These estimates are free from any assumption about T kin values, but a uniform excitation condition along the line of sight is supposed. T mb contour maps of G 270.26+0.83 in CS(2-1), and CS(3-2) transitions. All values were averaged in 1 km/s interval centered at VLSR ≈ 9.6 km/s. The first contours and steps are 1 K for CS(2-1) and 2 K for CS(3-2). The big star and filled triangle show the IRAS point source and H2O maser positions. The dashed ellipse corresponds to to the 95% confidence level in IRAS position uncertainty. The small star and asterisks indicate NIR objects of Persson and Campbell (1987) and Liseau et al. (1992) , respectively. The diamond marks the 6.6 GHz CH 3OH maser position by Caswell et al. (1995) . Fig. 12 . Maps of G 270.26+0.83 in CS J = 7 − 6 and CO J = 3 − 2. The velocity scale is from -13 to 32 km/s, temperature scale for CS map is from -1 to 11 K, for CO map from -5 to 50 K.
If the excitation temperature is the same for both lines then we can estimate the CS optical depth for a known abundance ratio R of isotopes from equation.
where
and
The total column density of CS molecules can be found from peak optical depth τ p and measured FWHP ∆V from the equation
where the statistical sum Q = ∞ J=0 (2J + 1)e −E J /kTex , µ 0 is the molecular dipole moment and E up is the energy of the upper rotational level J up of the transition above the ground state. Here we assume the same T ex for all transitions and take into account the observed line broadening due to optical depth (Phillips et al. 1979) where
−τp (7) Fig. 13a-h . G 270.26+0.83 spectra at peak intensity positions. The spectral resolution is the same as in Table 5 . For the last three lines the reported data represent Gaussian fits of a spectra averaged over 6 points around (-20, 10) position is the ratio of the measured FWHP ∆V to the analogous value in the optically thin limit.
In columns 2-4 of Table 7 we report T ex , the peak optical depth τ p in CS J = 2 − 1 and the total column density of CS molecules assuming a terrestrial isotope ratio R = 22.5. For each object we made parameter estimations from brightness temperatures T R obtained by Gaussian fitting deconvolution. The estimates show that for all objects τ p (CS J = 2 − 1) are very similar with a mean value about 5 and for all cores N L (CS) is close to 10 15 cm −2 .
On the other hand we can derive the optical depth in CS J = 2 − 1 by comparing the FWHP with corresponding value for optically thin C 34 S J = 2 − 1 lines. If we neglect the influence of any systematic velocity on the line shape (not obvious for our objects!) and suppose that the difference in width is only due to optical depth broadening then, according to Eq. (7), ∆V (CS)/∆V (C 34 S) = γ(τ ∆V ) where τ ∆V is a peak optical depth in CS J = 2 − 1 and the corresponding value τ ∆V (C 34 S) 1. The parameters estimated by this method are reported in columns 5-8. To derive the [CS]/[C 34 S] ratio we suppose also equal T ex for both CS isotopes. It is seen that τ ∆V (CS J = 2 − 1) in column (6) is several times smaller than τ p in column (3). For all objects the opacities determined by the last method are < ∼ 1. From the column (8) it is seen that the determined [CS]/[C 34 S] ratio is systematically several times smaller than the terrestrial value. The observational indication of the apparent decrease of CS isotopic ratio was found previously by many authors and several interpreta- -2) transitions. The star shows the IRAS point source, the triangle is the H2O maser by Caswell et al. (1989) . The crosses are OH maser positions from Caswell and Haynes (1987b) and Cohen et al. (1988) . The diamond is the 6.6 GHz CH3OH maser by Caswell et al. (1995) . tions were proposed to this effect including inhomogeneities in the emitting gas and clumpiness (see, i.e. Mundy et al. 1986 and Zinchenko et al. 1994) . Despite of such low [CS]/[C 34 S] value in the observed cores it cannot be considered as a direct evidence for the real decrease of isotopic CS ratio. Recent observations of rare CS isotopes by Chin et al. (1996) towards 20 ultracompact Hii region give [CS]/[C 34 S] = 24.4 ± 5.0 which is in a good agreement with terrestrial value. They found also that main CS opacities are in the range 3 to 15 which are close to our values inferred from the peak ratios. We suppose that the small difference in line widths between main and C 34 S isotopes in the observed cores can indicate the influence of systematic velocities on the line formation and τ ∆V and R estimated by the last method may be considered only as lower limits.
We leave a detailed multitransitional analysis of the physical conditions in the sources until forthcoming publications.
N L (H 2 ) and X(CS) estimates
Since the observed transitions in the main CO isotope are optically thick we could not use these data for estimating N L (CO) and hence H 2 column densities. However, this can be accomplished by C 18 O observations. The LTE optical depths of C 18 O J = 1 − 0 determined from T mb comparison with the main isotope are in the interval 0.04. . . 0.15. Unfortunately, since we observed only the J = 1− 0 transition, we cannot use our C 18 O data for LVG estimates of the mean line of sight n(H 2 ) density, but these observations are good enough for N L (C 18 O). The latter is true due to the weak dependence of N L (C 18 O) on n(H 2 ) at all reasonable densities. LVG simulations show that the maximum variation in column density in the n(H 2 ) = 10 2.5...6 cm −3 interval is within a factor of 4 at T kin ≈ 70 K and is lower at lower T kin values. Since the measured FWHP size of our sources in C 18 O J = 1 − 0 exceeds the size even in CS J = 2 − 1 the effective n(H 2 ) value needed for C 18 O excitation would be lower than the density expected from CS data. In Table 8 we report source size and N L (C 18 O) estimates at T kin values derived from MEM deconvolved CO J = 3 − 2 measurements. The column density limits listed in the table correspond to the minimum and maximum available values at the n(H 2 ) interval mentioned above, including a 1σ uncertainty in the deconvolved Fig. 16a-f . G 301.12−0.20 spectra at peak intensity positions. Spectral resolution is the same as in Table 6 . Table 7 . LTE parameters estimated from CS and C 34 S J = 2 − 1 data 
10
23 cm −2 . The individual objects estimates are reported in column (4).
In column (5) of Table 8 we report also the X(CS) value based on comparison of deconvolved intensities of optically thin C 34 S J = 2 − 1 and C 18 O J = 1 − 0 lines and assuming X(CS)/X(C 34 S)=22.5. The corresponding column densities were determined in the LVG approximation at n(H 2 ) values of about 10 5.5 cm −3 consistent with our CS J = 2 − 1 and J = 3 − 2 measurements. To exclude differences in emitting sizes we used the ratio of N L /dV values without taking into account differences in FWHP. The X(CS) derived for four cores has a mean value of about 5 · 10 −9 which is in a good agree- ment with other estimates in such objects compared usually with OMC-1 (2.5 · 10 −9 , Blake et al. 1992 ).
Conclusions
1. We have observed the central cores of four molecular clouds associated with regions of high mass star formation. All objects were mapped in CS J = 2−1, J = 3−2, J = 5−4, C 34 S J = 2 − 1, C 18 O J = 1 − 0 and observed towards the center positions in CO J = 1 − 0. In addition, three of the cores were also mapped in CS J = 7−6 and CO J = 3−2. 2. For a detailed study of the spatial structure of the cores all maps observed with an angular step < ∼ HPBW/2 have been analyzed with MEM deconvolution techniques. It is demonstrated that at sufficiently high S/N ratio ( > ∼ 30) the MEM restoration can greatly improve the effective angular resolution. 3. We have reported a detailed analysis of the obtained maps in comparison with IRAS and maser observations in H 2 O, OH and CH 3 OH transitions. 4. Among four observed cores two (G 268.42−0.85 and G 301.12−0.20) clearly demonstrate bipolar CS structure not evident in CO data. 5. Deconvolved CS size of the observed cores decreases sharply with increasing quantum number of rotational transition. 6. For all clouds the measured FWHP of all CS lines decreases with increasing radius. 
